Macrophages comprise a large portion of the cells obtainable by savage from the lungs of normal humans and mice, and these cells are also a major constituent of the cellular infiltrate which commonly appears during influenza virus infection of the lung. The contribution of macrophages to host response to influenza virus infection is not well defined, although many activities of these cells could potentially play a role (1) (2) (3) . Macrophages appear to be largely responsible for the nonspecific cytotoxicity for virus-infected target cells exhibited by peritoneal exudate and lung lavage cells from uninfected or virus-inoculated mice (6, 11) . Moreover, evoked responses to unrelated antigens have been associated with protection against influenza virus infection in mice, a protection thought to be mediated nonspecifically by macrophage activation (7, 9) .
During studies of the local cell-mediated responses to influenza virus infection in the lungs of mice, it was found that approximately one fifth of the pulmonary macrophages develop the capacity to rosette with chicken, guinea pig, and human erythrocytes, but not with those from hamsters, mice, or sheep. Described in the following report are investigations of this resetting phenomenon which suggest that it is a function of macrophage activation or differentiation and is not related directly to influenza virus adsorption or replication. Rosette formation may thus serve to identify macrophage subpopulations which play a role in host defense against influenza or other viruses. MATERIALS Rosetting assays. A 0.1-ml amount of the appropriate erythrocyte suspension and 0.1 ml of acridine orange (a 103 dilution of a 0.1%, wt/vol, stock solution; Fisher Scientific; Fairlawn, N.J.) were added to 0.1 ml of leukocyte suspension. The mixture was gently agitated, incubated at room temperature in the dark for 30 min, and then centrifuged at 600 x g. Each cell pellet was resuspended in RPMI 1640 or MEM-FCS medium and examined simultaneously with white and ultraviolet light at 400x with a Leitz Orthoplan fluorescent microscope equipped with phase optics and Ploem illumination. Cells with three or more erythrocytes attached were scored as a rosette. The morphologies of non-rosetting and rosette-forming leukocytes were usually easily recognizable due to the differential cytochemical staining of acridine orange and were classified by the criteria of Golstein and Blomgren (4). Only cells identifiable as macrophages were counted for the purposes of calculating the percentage of rosette-forming macrophages (RFM), and counting was continued until 100 macrophages had been observed.
Testing for effect of different treatments on resetting. The effect of sodium azide on resetting was tested by incubating one volume of leukocyte suspension with 4 
RESULTS
During studies of the local cell-mediated immunological response to influenza A/HK virus infection in the lungs of mice, many of the leukocytes obtained by lung lavage were noted to form rosettes with unmodified human erythrocytes. In more than 20 replicate studies the rosette-forming cells were identified after acridine orange staining as being 95% macrophages, 1% polymorphonuclear cells, less than 1% lymphocytes, and 3% unidentifiable cells. The timing of appearance of RFM in lung ravages is depicted in Fig. 1 . The mean percentage of RFM increased from a normal level of 3% on day 1 after virus inoculation to levels of 20 to 23% on days 2 to 5. The percent RFM decreased to 15% on day 7 over values for mice before and 1 day after inoculation (mean percent RFM days 2 to 7 versus day 0 or 1, P < 0.025 by Student's t test). Examples of human 0 and chicken erythrocytes resetting around macrophages from infected mouse lungs are shown in Fig. 2A and B, respectively. As illustrated, resetting macrophages tended to be of increased size with abundant cytoplasm and large numbers of lysosomal granules relative to those from uninfected lungs; however, no morphological distinctions between resetting and nonrosetting cells from infected lungs was possible, since many nonrosetting macrophages were indistinguishable from RFM except for the resetting characteristic.
Lung lavage cells from mice before and 4 days after virus inoculation were tested in parallel against erythrocytes from different species. Little or no resetting of erythrocytes of any of the species listed in Table 1 with rabbit anti-mouse gamma globulin also did not inhibit resetting.
Limited explorations were made for rosetteforming leukocytes in other locations and situations (Table 3) . Peripheral blood monocytes from mice before or after inoculation with influenza A/HK virus seldom rosetted (mean percent RFM, less than 1%). However, the percent RFM in lung ravages inoculated intranasally with herpes simplex virus type 2 five days previously did increase to 18 (±5)%, a percent very comparable to that observed during influenza virus infection. Peritoneal exudate cells obtained from "normal" mice exhibited a wide range in the percentage of macrophages which rosetted: 0 to 38%. However, peritoneal exudate cells from uninduced specific pathogen-free mice seldom rosetted (3 ± 2%), but increased to a mean percent RFM of 25 (±15)% 5 days after induction by the intraperitoneal injection of sterile horse serum. The pattern of reactivity of the induced peritoneal exudate cells with a panel of erythrocytes (data not shown) was identical to that shown for influenza-induced pulmonary macrophages in Table 1 .
DISCUSSION
Spontaneous resetting of unmodified, xenogeneic erythrocytes around macrophages from several species has been reported previously (5, 10) . Lalezeri et al. (5) reported that erythrocytes from dogs rosetted well with mouse alveolar macrophages, whereas erythrocytes from mice, guinea pigs, rabbits, and cats did not rosette at all and those from rats and humans did so only poorly. The resetting of pulmonary macrophages from uninfected mice with dog erythrocytes has been confirmed in this laboratory (Wyde, unpublished data), but was not pursued in the present studies. The present studies confirm the poor rosette formation around pulmonary macrophages from uninfected mice by erythrocytes from mice, guinea pigs, and humans, and add erythrocytes from hamsters, sheep, and chickens to those which do not rosette well with these macrophages. In contrast, by 2 days after intranasal inoculation with virulent influenza A/HK virus and for several days thereafter, about one fifth of the mouse pulmonary macrophages were found to have a newly acquired ability to form rosettes with erythrocytes from selected species-namely, humans, guinea pigs, and chickens.
Several potential mechanisms to account for Previous studies have shown that the number of macrophages obtainable by lung lavage from a C3H mouse increases from about 126,000 before inoculation to 381,000 3 days after inoculation with the same dose of virulent influenza A/ HK virus as was used in the present studies, and to 1,240,000 by 6 days after inoculation (13) . Therefore, the approximately 7-fold increase in the percentage of RFM between days 0 to 1 and days 2 to 3 actually represents about a 20-fold increase in the absolute number of RFM obtainable by lung lavage. Also, even though the percentage of RFM remains relatively stable on days 2 through 5, the absolute number must continue to increase. The decrease in percent RFM between days 5 and 7 likely signifies a stabilization in the absolute number of RFM at a level approximately 50-fold higher than before inoculation. By day 7, many of the pulmonary macrophages have pyknotic nuclei and disrupted membranes, and it is also at this time that deaths with influenza pneumonia begin to occur in this model; these factors may be directly related to the decrease in percent RFM noted at this time.
The role that the RFM have in host defense against influenza is uncertain. Data of others have shown that macrophage activation by antigenic stimuli unrelated to influenza can provide protection against an influenza virus challenge (7, 9) . Presumably, the increase in RFM and other activated macrophages during influenza virus infection in the mouse lung also represents an attempt at defense, but perhaps too late, since the virus has already had at least 1 day of replication before the macrophage response begins. The present studies clearly show that rosette formation cannot be used as a criterion for virus infection of macrophages. However, rosette formation should prove useful in identifying and separating macrophage subpopulations so that their interactions with influenza virus can be clarified.
